hi STorica L evaPoTranSPiraTion A good initial step in estimating water use in your orchard is to use historical evapotranspiration estimates. These estimates are long-term averages developed by measuring the water use of a reference crop (well-watered pasture grass), and then converting the data for the reference crop to estimates for the orchard crop. Tables 1 through 9 show historical average evapotranspiration estimates for selected California locations during approximate 2-week periods for • mature almonds (table 1) • walnuts (table 2) • pistachios (table 3) • stone fruit (table 4) • olives (table 5) • olives (table 6) • citrus (table 7) • apples (table 8) • pears (table 9) To determine the daily average orchard crop evapotranspiration (ETc) (inches per day), divide the historical evapotranspiration during the period from table 1 through 9 by the number of days in the period.
The evapotranspiration estimates in Tables 1 through 9 are for orchards without a cover crop. Orchards with a cover crop may use up to 30 percent more water than the estimates presented. (Note: for metric conversion, 1 inch of water = 2.54 cm.)
reaL -Time evaPoTran SPiraTion irrigaTing young Tree S
The smaller canopy of young trees results in less evapotranspiration than in mature trees. The evapotranspiration of young trees can be estimated from figure 2 by adjusting mature tree evapotranspiration based on the percent ground shading of the young trees, which can be estimated by examining the extent of the orchard floor shaded at midday. Note that evapotranspiration increases at a rate approximately twice that of the percent ground shading. Maximum evapotranspiration occurs at about 60 to 70 percent ground shading. To determine irrigation amount to be applied, calculate the total amount of orchard water used since the last irrigation. Using historical crop evapotranspiration information (see "Historical Evapotranspiration," above) or real-time crop evapotranspiration (see "RealTime Evapotranspiration," above), sum the daily crop evapotranspiration since the last irrigation. This is the amount of soil water that must be replaced by irrigation. It is often necessary to apply additional water due to irrigation inefficiencies.
irrigation System application rates
Evapotranspiration information is most frequently provided as inches of water use per unit of time. To operate an irrigation system efficiently, the irrigation system application rate must be known in compatible units. The following sections explain how to determine your system application rate.
Border Irrigation Systems
Border irrigation systems flood the area between tree rows ( fig. 3 ). The amount of irrigation water applied may be determined by the following formula. 
Furrow Irrigation Systems
Furrow irrigation systems ( fig. 4 ) carry water in furrows rather than flooding the entire area between tree rows. Most often, two or more furrows per tree row are used. The amount of irrigation water applied may be determined by the following formula. 
Sprinkler Irrigation Systems
The application rates of sprinkler irrigation systems are most often provided in inches per hour, which is compatible with evapotranspiration data. If you do not know the sprinkler application rate in an orchard, see the companion water management publication Soil Intake Rates and Application Rates in Sprinkler-Irrigated Orchards (Publication 8216).
Microirrigation Systems
The application rate of microirrigation system emitters (drip emitters and microsprinklers) is usually measured in gallons per hour (gph). To convert an application rate in gallons per hour to inches per hour, use the following formula.
application rate (in/hr) = [1.6 3 discharge from emission devices per tree (gph)] ÷ [tree row spacing (ft) 3 tree spacing within row (ft)] The University of California prohibits discrimination or harassment of any person on the basis of race, color, national origin, religion, sex, gender identity, pregnancy (including childbirth, and medical conditions related to pregnancy or childbirth), physical or mental disability, medical condition (cancer-related or genetic characteristics), ancestry, marital status, age, sexual orientation, citizenship, or status as a covered veteran (covered veterans are special disabled veterans, recently separated veterans, Vietnam era veterans, or any other veterans who served on active duty during a war or in a campaign or expedition for which a campaign badge has been authorized) in any of its programs or activities. University policy is intended to be consistent with the provisions of applicable State and Federal laws. This publication has been anonymously peer reviewed for technical accuracy by University of California scientists and other qualified professionals. This review process was managed by the ANR Associate Editor for Land, Air, and Water Sciences.
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